Arginine vAsopressin (Avp) is an antidiuretic hormone which is synthesized in the supraoptic and paraventricular nuclei in the hypothalamus, and released into the systemic circulation from the posterior pituitary [1, 2] . Secretion of AVP is precisely controlled by plasma osmolality so that even as little as 1% increases in plasma osmolality or serum sodium levels significantly increase plasma AVP levels [1, 2] . Increases in plasma osmolality are sensed via the osmoreceptors in the hypothalamus, and induce not Abstract. Central diabetes insipidus (CDI) is caused by deficiency of arginine vasopressin, an antidiuretic hormone. Patients with CDI manifest polyuria which is usually compensated for by increases in water intake. However, some patients are not able to sense thirst due to the destruction of osmoreceptors in the hypothalamus. These adipsic CDI patients are easily dehydrated and the consequent dehydration could be life-threatening. The objective of this study was to investigate the prognosis of adipsic CDI patients. We have reviewed 149 patients with CDI in three hospitals using databases of the electronic medical recording systems, and examined whether adipsia could affect the morbidity and mortality in CDI patients with multivariable analyses. Twenty-three patients with CDI were adipsic while the remaining 126 patients were non-adipsic. The multivariate analyses showed that the incidence of serious infections which required hospitalization was significantly higher in the adipsic CDI patients compared to that in non-adipsic CDI patients (p <0.001). A total of 6 patients with CDI died during the follow-up (median duration; 60 months, range 1 to 132 months). Four of them were adipsic, three of whom died of infection. The statistical analyses revealed that the risk of death in adipsic CDI patients was significantly higher than in non-adipsic patients (p =0.007). It is thus suggested that adipsic CDI patients were susceptible to serious infections which could be the causes of death.
only AVP release but also thirst sensation and water intake [1, 2] . In contrast to the small changes in plasma osmolality required for AVP release, 2-3% increases in plasma osmolality are necessary to induce thirst sensation [3] . As changes in plasma osmolality are within 1-2% of the basal level under most conditions due to the antidiuretic action of AVP, these small changes are below the threshold of thirst [2] .
Central diabetes insipidus (CDI) is caused by deficiency of AVP, and the etiologies include several diseases in the hypothalamus such as germ cell tumor of the central nervous system, craniopharyngioma and inflammatory diseases [4] [5] [6] . Patients with CDI manifest polyuria, which is compensated for by increases in water intake if thirst sensation is intact. However, some patients are adipsic, because not only AVP neurons original ©The Japan Endocrine Society Submitted Sep. 6, 2013; Accepted Oct. 22, 2013 as EJ13-0368 Released online in J-STAGE as advance publication Nov. 9, 2013 Correspondence to: Hiroshi Arima, Department of Endocrinology and Diabetes, Field of Internal Medicine, Nagoya University Graduate School of Medicine, 65 Tsurumai-cho, Showa-ku, Nagoya 466-8550, Japan. E-mail: arima105@med.nagoya-u.ac.jp the brain was absent in all of them. In the remaining 5 patients, a deficiency in plasma AVP responses to osmotic stimulation with hypertonic saline was confirmed in 1 patient, and the onset of polyuria was close to the time when the original diseases were diagnosed (2 patients) or just after pituitary surgery (2 patient). Adipsia could be diagnosed by low thirst response to plasma hypertonicity during hypertonic saline injection [7] . In this retrospective study, adipsia was diagnosed based on medical records indicating that patients did not sense thirst even when the serum sodium levels were ≥150 mmol/L. As CDI patients were screened based on the history of prescription of DDAVP, adipsic patients who did not require treatment of DDAVP were not involved in the current investigation.
Anterior pituitary function
The substitution of hormones including steroid hormone, thyroid hormone, GH and gonadal hormone was investigated on the medical records. The diagnosis of anterior pituitary dysfunction was based on the basal levels of plasma anterior pituitary hormones or the responses of ACTH, GH, TSH/PRL and LH/FSH to CRH, GRH, TRH and GnRH, respectively.
Morbidity and mortality
The incidence of serious infections, which required hospitalization, thromboembolism, respiratory failure and death was investigated in 23 adipsic and 126 nonadipsic CDI patients.
Serum sodium levels
In the 149 patients subjected to the analysis of prognosis, all the data of serum sodium levels were reviewed, and the incidence of hypernatremia (≥150 mmol/L) and hyponatremia (<130) was evaluated.
Statistical analyses
Overall survival was defined as the time from disease onset to death from any cause or the date of the last visit for outpatients without events. Overall survival was estimated using the Kaplan-Meier method, and the survival curves between CDI patients with or without adipsia were compared using the log-rank test. The impacts of adipsia on the morbidity and mortality were evaluated with the multivariate logistic analyses, while those on overall survival were evaluated with Cox regression analyses. These impacts were evaluated after adjusting age at disease onset (<65 vs ≥65), sex but also the osmoreceptors in the hypothalamus are destroyed, and easily become dehydrated unless properly treated [7, 8] . Such dehydration caused by deficits in both AVP release and thirst sensation could be life-threatening [9] . Indeed, hypernatremia is reportedly associated with high mortality in hospitalized patients [10] , and the mortality rate in hypernatremic patients further increased when they had bacterial infection [11] . Adipsic CDI patients could also have thromboembolism [9] , and some patients reportedly died of respiratory failure at relatively young ages [9] .
In the present study, we reviewed 149 CDI patients in three hospitals, and investigated whether adipsia could affect the morbidity and mortality in patients with CDI.
Materials and Methods

Patients
Using databases of the electronic medical recording systems, 170 patients (96 males and 74 females) with CDI were reviewed in March 2013 in the Nagoya University Hospital, the National Hospital Organization Nagoya Medical Center and the Japanese Red Cross Nagoya Daiichi Hospital. These three hospitals have endocrinology, pediatrics and neurosurgery departments, and the protocol of study was approved by the institutional review board of each hospital. Four patients were excluded from the study of prognosis because the onset of CDI was not clear, and 12 were excluded as they died of the original diseases that possibly caused CDI (9 of cancer, 2 of germ cell tumor of the central nervous system, and 1 of hemorrhage from the pituitary tumor after surgery). Four patients in whom CDI was caused by cardiac arrest and resultant cerebral hypoxia were also excluded as they did not recover fully and died of heart failure or infection within two years (1 to 21 months). As a result, a total of 149 patients were subjected to the analysis of prognosis. The median age at diagnosis of CDI was 36 years (range, 0 to 78 years). The median duration of follow-up was 60 months (range, 1 to 132 months).
Diagnosis of CDI and adipsia
The diagnosis of CDI was based on a history of polyuria and polydipsia that had been controlled by desmopressin (DDAVP). In addition, pituitary MRI was examined in 144 patients, and the bright spot in the posterior pituitary on midsagittal T1-weighted MRI of (female vs male), anterior pituitary dysfunction (No vs Yes). Additionally, we compared the frequencies of hyponatremia and hypernatremia between CDI patients with or without adipsia until the last follow-up day from the registration day to electronic medical recording systems, using Poisson regression analysis. These frequencies were evaluated after adjusting age at disease onset (<65 vs ≥65) and sex (female vs male). A two-sided p < 0.05 was considered to be statistically significant. All the analyses were performed using the SAS (version 9.3; SAS Institute Inc., Cary, NC, USA).
results
Etiology
The etiology in the 149 CDI patients subjected to the analysis of prognosis is shown in Table 1 . The possible causes of CDI were described in 127 (85%) out of the 149 patients. The remaining 22 patients (15%) with no obvious trigger for CDI or no abnormality on MRI were considered to be idiopathic.
Serum sodium levels
Of the 149 patients with CDI subjected to the analysis, 23 patients were judged to be adipsic while the remaining 126 patients had normal sensation of thirst (non-adipsic). The total numbers of serum sodium levels measured were 2130 and 3527 in the adipsic and non-adipsic groups, respectively, and hypernatremia (≥150 mmol/L) was found in 533 measurements (25.0%; 150-181 mmol/L) in the adipsic group and in 14 (0.4%; 150-156 mmol/L) in the non-adipsic group. The relative risk of hypernatremia in the adipsic group to that in the non-adipsic group was 67.73 (p < 0.001). On the other hand, the incidence of hyponatremia (<130 mmol/L) was similar between groups (adipsic group: 87/2130, 4.0%, 113-129 mmol/L; non adipsic group: 154/3527, 4.3%, 111-129 mmol/L), and the relative risk of hyponatremia in the adipsic group to the non-adipsic group was 0.97 (p = 0.850). Table 2 shows the clinical characteristics of CDI patients with or without adipsia who were subjected to the analysis of the prognosis. 
Morbidity
Nine (7%) of 126 non-adipsic CDI patients experienced serious infections, as did 10 (43%) out of 23 adipsic CDI patients. The multivariate logistic analysis for serious infections showed that the odds ratio (OR) in the adipsic group relative to the nonadipsic group was 8.8 (p < 0.001).
On the other hand, the incidence of respiratory failure was 4% (1/23) and 1% (1/126), and that of thromboembolism was 13% (3/23) and 5% (6/126) in adipsic and non-adipsic groups, respectively. These differences between groups were not statistically significant.
Mortality
During the follow-up, 6 patients died; 4 in the adipsic group and 2 in the non-adipsic group. Four patients (3 in the adipsic group and 1 in the non-adipsic group) died of infection, and 4 out of the 6 patients were accompanied with anterior pituitary dysfunction. Two patients (No.1 and 5 in Table 3 ) were found dead at home, and two patients (No.2 and 3 in Table 3 ) died in other than our 3 hospitals, because they were transferred there by ambulance. The characteristics of these 6 patients were shown in Table 3 . Fig. 1 shows the Kaplan-Meier curves in the CDI patients with/without adipsia. The difference of the two survival curves was statistically significant (p = 0.015). Table 4 shows the results of multivariate logistic and Cox regression analyses. The risk of death in CDI patients with adipsia was significantly higher than in those without adipsia (OR, 9.53, 95% CI, 1.85 to 49.08, p = 0.007). The overall survival in CDI patients with adipsia was significantly shorter than in those without adipsia (HR, 
Discussion
The prevalence of CDI is reported to be 1:25000 [7] . Because of its rarity, the numbers of CDI patients in previous studies were less than 100 [4] [5] [6] , and the investigation of CDI prognosis has been difficult. In the present study, using databases of 3 hospital electronic medical recording systems, we evaluated 149 patients with CDI for the prognosis. The ages of CDI onset ranged from 0 to 78 year, and the median age was 36 years. The results in this study could thus represent the prognosis of CDI patients at all ages. While the number of the CDI patients enrolled in this study is still small, our data clearly showed that the risk of death in adipsic CDI patients was significantly higher than that in the non-adipsic CDI patients.
DDAVP is an AVP analogue which has been used in the treatment of CDI. As deficiency or excess of DDAVP could potentially lead to hypernatremia or hyponatremia, the individual dose titration of DDAVP is required. The appropriate amount of daily water intake should also be established in adipsic CDI patients [2, 7] . Most adipsic CDI patients in this study were encouraged to measure body weight every day and to determine the amount of daily water intake based on the body weight, with a fixed amount of DDAVP. However, it is not easy to maintain water balance in adipsic CDI patients. Indeed, the present study revealed that the incidence of hypernatremia in the adipsic CDI patients (25%) was significantly higher than that in non-adipsic CDI patients (0.4%), suggesting that adipsic CDI patients are often subjected to dehydration.
Systemic dehydration has been implicated in a number of human diseases [12] and could affect immune functions as well [13] . In this regard, it is noteworthy that the incidence of serious infections was significantly higher in the adipsic group compared to the non-adipsic group, and that 3 patients in the adipsic group died of infection in this study. Our data thus suggest that the adipsic CDI patients, who are chronically dehydrated, are susceptible to serious infections, and underscore the importance of controlling water balance, in particular during illness in these patients.
While our study did not show significant differences in the incidence of morbidity other than infections, it is reported that patients with adipsic CDI often have respiratory failure and thromboembolic complications [9, 14] . Thus, physicians should be aware of the high rates of mortality and morbidity in patients with adipsic CDI. Previous investigators have reported that the prognosis of patients with anterior pituitary dysfunction is not good [15, 16] . In fact, 4 out of 6 patients who died during follow-up in our study were accompanied by anterior pituitary dysfunction. The statistical analysis, however, did not show any significant effects of anterior dysfunction on the prognosis. This is probably due to the limited number of patients in this study, and further points up the significance of adipsia as a determinant of prognosis in CDI patients.
In conclusion, our study demonstrated that the risk of death in adipsic CDI patients is significantly higher than that in non-adipsic CDI patients. As the incidence of serious infections was significantly higher in the adipsic CDI patients compared to that in non-adipsic CDI patients, and the causes of death in 3 of the 4 Iwata, Shingo Umemura, Masatoshi Murase, Chinatsu Matsunaga, and Junko Nagai for their special assistance.
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adipsic CDI patients were infections, it is suggested that water balance should be monitored and well controlled in these patients, particularly during illness.
